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Executive Summary 
 

Snake Fungal Disease (SFD) is an emerging skin disease affecting both free ranging and 
captive snake species across North America.  SFD can be extremely debilitating to snakes, and in 
severe cases, lethal or requiring human intervention and euthanasia.  In 2009, the fungus 
Chrysosporium ophiodiicola was described from a black rat snake (Elaphe obsoleta obsoleta) in 
Georgia.  This individual presented symptoms of large, slow-growing facial masses.  The fungus 
was later recircumscribed as Ophidiomyces ophiodiicola in the family Onygenaceae based on 
morphological, cultural and molecular data.  The majority of disease cases reported have been 
restricted to the eastern United States.  SFD has been confirmed in 20 U.S. states (Florida, 
Georgia, New Hampshire, Illinois, Massachusetts, Michigan, Louisiana, Virginia, Pennsylvania, 
South Carolina, Wisconsin, Kentucky, Ohio, New Jersey, New York, Alabama, Minnesota, 
Connecticut, Vermont, and Tennessee) and Canada.  SFD has been documented in 30 species of 
snakes in North America and it is possible impacts may vary by species, population, and 
geographically.  Reports and observations of SFD have increased across the eastern United 
States in recent years.   

SFD was first confirmed in Tennessee during fall of 2012 in samples taken from a timber 
rattlesnake (Crotalus horridus) collected in Dekalb County.  During the following spring, 
additional samples collected from both a timber rattlesnake and queen snake (Regina 
septemviattta) collected in Rutherford County, TN also tested positive.  It is highly likely SFD 
may have been present in some populations prior to these confirmations as researchers have 
observed snakes in other portions of the state in previous years with clinical symptoms similar to 
those presented above.  However, these early reports of snake fungal disease in Tennessee are 
speculation.  Since the project was initially implemented, over 235 samples have been collected 
from 20 snake species in the state.  Samples have been collected in 27 counties and O. 
ophiodiicola was confirmed in or present on 14 snake species across 16 Tennessee counties 
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Introduction 
The occurrence of virulent infectious diseases in natural wildlife populations has 

increased in recent years, leading to significant animal die-offs and extinctions (Fisher et al. 
2012).  Adequately addressing these outbreaks by state and federal agencies and conservationists 
has become increasingly difficult.  Snake Fungal Disease (SFD) is an emerging skin disease 
affecting both free ranging and captive snake species across North America.  SFD can be 
extremely debilitating to snakes, and in severe cases, lethal or requiring human intervention and 
euthanasia.  The majority of disease cases reported have been restricted to the eastern United 
States (Figure 1).  SFD has been confirmed in 20 U.S. states (Florida, Georgia, New Hampshire, 
Illinois, Massachusetts, Michigan, Louisiana, Virginia, Pennsylvania, South Carolina, 
Wisconsin, Kentucky, Ohio, New Jersey, New York, Alabama, Minnesota, Connecticut, 
Vermont, and Tennessee) and Canada (Cheatwood et al. 2003; Rajeev et al. 2009; Clark et al. 
2011; Allender et al. 2011; Allender et al. 2013; SCDNR 2013; Dolinski et al. 2014; Allender et 
al. 2015; Fenton et al. 2015; McBride et al. 2015; Price et al. 2015; Tetzlaff et al. 2015; Allender 
et al. 2016; Glorioso et al. 2016; Guthrie et al. 2016; Last et al. 2016; Lorch et al. 2016; NWHC 
2016; Ohkura et al. 2016; Ravesi et al. 2016; WDNR 2016; Stephen et al. 2017).  SFD has been 
documented in 30 species of snakes in North America (Table 1) and it is possible impacts may 
vary by species, population, and geographically.  Reports and observations of SFD have 
increased across the eastern United States in recent years.  It should be noted, research on SFD is 
extremely difficult under natural conditions given the secretive nature and behavior of snakes 
making follow up observations difficult to obtain, greatly decreasing our knowledge regarding 
this wildlife epidemic. 

History 
In 2009, the fungus Chrysosporium ophiodiicola was described from a black rat snake 

(Elaphe obsoleta obsoleta) in Georgia.  This individual presented symptoms of large, slow-
growing facial masses (Rajeev et al. 2009).  The fungus was later recircumscribed as 
Ophidiomyces ophiodiicola in the family Onygenaceae based on morphological, cultural and 
molecular data (Sigler et al. 2013).  Species in this family are a group of fungi commonly 
associated with disease in reptiles.  There are nine different pathogenic fungal species in the 
Onygenaceae which affect various reptiles (Schmidt 2015) 

After the identification of the fungus O. ophiodiicola on snake skin, researchers sought to 
determine how the fungus and snake fungal disease were linked.  Lorch et al. (2015), through 
laboratory experimentation with captive-bred corn snakes (Pantherophis guttatus), established a 
direct causal link between O. ophiodiicola and SFD, although the presence of other fungal 
species is common.  Furthermore, Lorch et al. (2015) were able to document the progression of 
the disease in snakes and identify their response to infection lending explanation to the variation 
of the disease in reported observations.  Allender et al (2015b) developed a qPCR assay to 
rapidly quantify fungal load of O. ophiodiicola thus aiding in conservation of snakes through 
identification of emerging and ongoing outbreaks of SFD.  Further PCR testing conducted by 
Bohuski et al. (2015) identified O. ophiodiicola in the absence of clinical symptoms of SFD, 
increasing its use as a diagnostic tool. 
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Figure 1.  Confirmation of SFD by state through 2016. 
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Table 1.  Snake species that have tested positive for O. ophiodiicola. 

 

Species Year Location Origin References
Acrochordidae

Java Wart Snake, Acrochordus arafurae 2003 Austrailia Captive Sigler et al. 2013
Pythonidae

Ball Python, Python regius 1985 England Captive Sigler et al. 2013
African Rock Python, Python sebae 2001 NM Captive Sigler et al. 2013

Boiidae
Green Anaconda, Eunectes murinus murinus 2008 CA Captive Sigler et al. 2013

Colubridae
Corn Snake, Elaphe guttata guttata 1986 N/A N/A Sigler et al. 2013
Brown Tree Snake, Boiga irregularis 1990 Guam Captive Nichols et al. 1999

Garter Snake, Thamnophis sp. 1999 Germany Captive Sigler et al. 2013
Salt March Snake, Nerodia clarkii 2006 FL Captive* Sigler et al. 2013

Black Rat Snake, E. obsoleta obsoleta 2009 GA Captive* Rajeev et al. 2009
Plains Garter Snake, T. radix 2012 IL Wild Dolinski et al. 2014

Queen Snake, Regina septemvittata 2013 TN Wild SCWDS:  CC13-161
Brown Water Snake, N. taxispilota 2014 VA Wild Guthrie et al. 2016

Eastern Black Racer, Coluber constrictor 2014 VA Wild Guthrie et al. 2016
Eastern Black Racer, C. constrictor 2014 TN Wild SCWDS:  CC14-139

Eastern Milksnake, Lampropeltis triangulum 2014 TN Wild SCWDS:  CC14-139
Eastern Rat Snake, Pantherophis alleghaniensis 2014 VA Wild Guthrie et al. 2016

Mud Snake, Farancia abacura 2014 GA Wild Fenton et al. 2015; Last et al. 2016
Norther Water Snake, N. sipedon 2014 VA Wild Guthrie et al. 2016

Queen Snake, R. septemvittata 2014 KY Wild Price et al. 2015
Rainbow Snake, F. erytrogramma 2014 VA Wild Guthrie et al. 2016

Broad-banded Water Snake, N. fasciata confluens 2015 LA Wild Glorioso et al. 2016
Eastern Milksnake, L. triangulum 2015 MI Wild Ravesi et al. 2016

Eastern Fox Snake, P. vulpina 2014-2015 WI Wild WDNR 2016
Milksnake, L. triangulum 2014-2015 WI Wild WDNR 2016

Common Kingsnake, L. getula 2016 TN Wild Walker and Leys 2017
Garter Snake, T. sirtalis 2016 TN Wild Walker and Leys 2017

Norther Water Snake, N. sipedon 2016 TN Wild Walker and Leys 2017
Ribbon Snake, T. sauritus 2016 TN Wild Walker and Leys 2017
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Species Year Location Origin References
Western Rat Snake, P. obsoletus 2016 TN Wild Walker and Leys 2017

Black Kingsnake, L. nigra N/A TN Wild
M. Allender, personal 

communication, February 15,  2017
Eastern Black Racer, C. constrictor N/A PA Captive Ohkura et al. 2016

Eastern Black Racer, C. constrictor N/A TN Wild
M. Allender, personal 

communication, February 15,  2017
Eastern Fox Snake, P. vulpina N/A N/A N/A Stephen et al. 2017

Garter Snake, T. sirtalis N/A PA Captive* Ohkura et al. 2016
Garter Snake, T. sirtalis N/A N/A N/A Stephen et al. 2017

Queen Snake, R. septemvittata N/A N/A N/A Stephen et al. 2017
Bullsnake, Pituophis catenifer sayi Wild Lorch et al. 2016

Louisiana Pinesnake, Pituuophis ruthveni Wild Lorch et al. 2016
Smooth Earthsnake, Virginia valeriae Wild Lorch et al. 2016
Western Ribbon Snake, T. proximus Wild Lorch et al. 2016

Eastern Hognose Snake, Heterodon platirhinos 2017 TN Wild USGS 28376
Eastern Milksnake, L. triangulum 2017 TN Wild USGS 28376

Black Kingsnake, L. nigra 2017 TN Wild USGS 28376
Eastern Milksnake, L. triangulum 2017 TN Wild USGS 28376

Eastern Black Racer, C. constrictor 2017 TN Wild USGS 28376
Corn Snake, P. guttatus 2017 TN Wild USGS 28376

Eastern Black Racer, C. constrictor 2017 TN Wild USGS 28376
Western Rat Snake, P. obsoletus 2017 TN Wild USGS 28376

Eastern Black Racer, C. constrictor 2017 TN Wild USGS 28376
Viperidae

Pigmy Rattlesnake, Sistrurus miliarius barbouri 1997-1998 FL Wild Cheatwood et al. 2003
Eastern Diamondback Rattlesnake, Crotalus adamanteus 2006 FL N/A Sigler et al. 2013

Timber Ratlesnake, Cr. horridus 2006 NH Wild Clark et al. 2011
Eastern Massasauga Rattlesnakes, S. catenatus catenatus 2008 IL Wild Allender et al. 2011
Eastern Massasauga Rattlesnakes, S. catenatus catenatus 2011 IL Wild Allender et al. 2013

Timber Ratlesnake, Cr. horridus 2012 TN Wild NWHC-24216
Timber Ratlesnake, Cr. horridus 2012 MN Wild Smith et al. 2013

Copperhead, Agkistrodon contortrix 2013 SC Wild SCDNR 2013
Massasauga Rattlesnakes, S. catenatus 2013 MI Wild Tetzlaff et al. 2015

Timber Ratlesnake, Cr. horridus 2013 TN Wild SCWDS:  CC13-161
Timber Ratlesnake, Cr. horridus 2011-2013 MA Wild McBride et al. 2015

Massasauga Rattlesnakes, S. catenatus 2014 MI Wild Allender et al. 2016
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Species Year Location Origin References
Timber Ratlesnake, Cr. horridus 2014 TN Wild SCWDS:  CC14-49
Timber Ratlesnake, Cr. horridus 2014 TN Wild SCWDS:  CC14-139
Timber Ratlesnake, Cr. horridus 2014-2015 WI Wild WDNR 2016
Timber Ratlesnake, Cr. horridus 2016 TN Wild SCWDS: CC16-281
Timber Ratlesnake, Cr. horridus 2016 TN Wild SCWDS:  CC16-362
Cottonmouths, A. piscivorous N/A IL Captive* Allender et al. 2015

Eastern Massasauga Rattlesnakes, S. catenatus catenatus N/A N/A N/A Stephen et al. 2017
Timber Ratlesnake, Cr. horridus 2017 TN Wild USGS 28376

Elapidae
Broad-headed Snake, Hoplocephalus bungaroides 2010 Austrailia Captive Sigler et al. 2013

* Originally collected in the wild and maintained in captive situation.
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Clinical Symptoms 
 Reports and observations of SFD vary tremendously based on the stage of infection at the 
time of report, observation, or capture of the animal (Appendices A-E).  Snakes presenting with 
SFD may be observed with ulcerated and/or eroded skin, incomplete sheds, large nodules on the 
head or other parts of the body, severely malformed heads, appear malnourished or lethargic, and 
unusual behaviors, to include frequently observed in the open or basking at unusual times.  O. 
ophiodiicola invades the superficial skin of snakes causing lesions.  These lesions swell and lead 
to thickening, crusting, and eventual death of the epidermis.  During molting, the shedding skin 
bunches up, with portions adhering to one another, leading to dysecdysis (portions of the molt 
being retained on the new skin).  After this, the crust falls off the snake, the ulcerated and eroded 
skin is revealed.  Some scales may be smaller, deformed or depigmented as a result of these 
lesions. Snakes also develop dermal granulomas on the head, neck, and chin.  The effects of 
lesions developed as the result of SFD can vary, be mild to severe or ultimately lethal.  In 
addition, this fungus has been routinely detected in asymptomatic snakes leading researchers to 
question if these snakes haven’t yet developed symptoms characteristic of SFD, or alternatively 
if O. ophiodiicola occurs as a commensal member of the snake microbiome. 

Epidemiology 
 O. ophiodiicola infections begin when the 
outermost layer of the skin is compromised 
allowing the fungus to enter the epidermis.  
Following invasion of the fungus into the 
snake’s skin, the immune response includes 
swelling and buildup of fluid around infected 
skin tissues.  Within days of the infection, the 
characteristic yellow to brown crusts form and 
the skin becomes necrotic and thickened.  Skin 
erosion or ulcers are caused from the breaking 
off of these crusts.  As the fungal growth 
continues within the necrotic skin, lesions may 
continue to expand in size. 

 Most O. ophiodiicola infections are limited to the epidermis, but occasionally fungal 
hyphae may penetrate the dermis.  In severe infections, the fungus may invade deep skin layers 
and skeletal muscle.  With these infections, the fungus is often encased within granulomas that 
present as nodules.  Fungal invasions of the cornea, maxillary bone, and lungs have been 
reported, but these reports are not widespread in wild populations as it is believed most snakes 
succumb to secondary diseases prior to infections reaching these advanced states. 

 Lorch et al. (2015) reported increased molt frequency in captive snakes infected with O. 
ophiodiicola.  During molt, the necrotic and diseased epidermis are removed, and the new skin 
appears normal, although some scales may appear deformed or reduced in size.  In most cases, 
molting appears to clear the fungus and snakes may recover.  However, in the event the fungal 

Figure 2.  SFD leads to the development of a yellow to 
brown crust on the scales. 
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invasions are deep into the epidermis or the fungus invades the new skin prior to molting, snake 
fungal disease may reoccur.  Multiple molts with increased frequency may be required to clear 
infections. 

 Mortality associated with 
disseminated O. ophiodiicola 
infections are likely the result of 
complications of the infection rather 
than direct fungal damage (Lorch et 
al. 2016).  Infections of the head 
which impact vision, olfaction and 
infrared sensing likely impact the 
ability to search and capture prey.  
Observations of wild snakes often 
report emaciation.  As O. 
ophiodiicola infections persist, the 
overall health of a snake declines, 

increasing the likelihood of secondary 
infections or diseases.   

Innate Immunity Correlates with Ophidiomyces ophiodiicola 
 The idea of microbiome (resident skin microflora) mediated pathogen resistance is not a 
unique concept; microbiome function as a part of the innate immune system has been 
documented in vertebrates ranging from a variety of mammals, including humans, to many 
species of amphibians (Gao et al. 2008, Grice et al. 2009, Scharschmidt et al. 2009, Bletz et al. 
2013). The host microbiome serves to confer disease resistance to pathogenic fungi by producing 
antifungal metabolites, outcompeting the fungus for space, or by stabilizing the microbial 
community to drive defense efficacy (Lauer et al. 2007, Bletz et al. 2013). For example, it has 
been suggested that persistent symbiotic microorganisms were a key element in the survival of 
the mountain yellow-legged frog (Rana muscosa) in the presence of chytrid mycosis (Woodhams 
et al. 2007), and that the microbiome of European water frogs (Pelophylax esculentus and P. 
lessonae) was responsible for reducing the subclinical costs of infection by introduced B. 
dendrobatidis (Woodhams et al. 2012). Several studies have documented the gut microbiome of 
a limited number of reptilian species but bacterial members of the cutaneous microbiome remain 
undocumented with respect to their community (Costello et al. 2010, Keennan et al. 2013). Hill 
et al. (2017) isolated 23 bacterial and five fungal isolates from the skin of a Black Racer 
(Coluber constrictor) and a Timber rattlesnake (Crotalus horridus), and found each species 
maintained a unique microbiome with no overlap. In addition, seven strains of bacteria were 
documented to have antifungal activity when challenged against O. ophiodiicola. Given these 
results it is conceivable that the snake cutaneous microbiome plays a role in host defense during 
early stages of O. ophiodiicola infection. Walker and Leys (manuscript in prep.) determined that 
the snake cutaneous microbiome differs by species, geographic location, and correlates with the 
presence/absence of the fungal pathogen, O. ophiodiicola (Figures 4 - 6).  These results imply 
that the host microbiome of snakes may act in an innate immunity response protecting the snake 
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Figure 3.  Sever SFD infections can lead to ocular occlusions. 
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from disease. Alternatively, perhaps after the snake becomes infected by the fungus the 
microbiome shifts as a response to infection.  

 

 

Figure 4. Beta diversity patterns of the cutaneous snake microbiome compared with environmental microbial communities from 
both soil and water, visualized using a non-metric multidimensional scaling ordination. A. Ordination based on relative 
abundance of subsampled OTUs. B. Ordination based on Jaccard (presence/absence) transformation of OTUs. 

A 
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Figure 5.  Beta-diversity of cutaneous samples averaged across species and visualized by non-metric multidimensional scaling. 
The presence/absence of O. ophiodiicola as determined by qPCR is plotted on each ordination. 

 
Figure 6.  Beta-diversity of cutaneous samples plotted by species and visualized by non-metric multidimensional scaling. 
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Environmental Reservoir of Ophidiomyces ophiodiicola 
While the fungus O. ophiodiicola has recently been confirmed as the causative agent of 

SFD through successful application of Koch’s postulates (Lorch et al. 2015), there is scant 
information regarding the characteristics and life history of this pathogen. Recently, Allender et 
al. (2015c) performed a series of in vitro experiments with isolates of O. ophiodiicola cultured 
from infected free-ranging Massasauga rattlesnakes (Sistrurus catenatus) and one Plains garter 
snake (Thamnophis radix), and subsequently demonstrated the wide range of temperatures, pH, 
and matric induced water stress O. ophiodiicola can tolerate. This fungus has also been shown to 
utilize complex carbon, nitrogen, and sulfur resources (Allender et al. 2015c). Founded on these 
in vitro based experiments, Allender et al. (2015c) hypothesized that this fungus 
opportunistically infects snakes, and persists in the soil, but have yet to support this hypothesis. 
Preliminary evidence from Walker and Leys (manuscript in preparation) based on inoculating the 
fungus into the soil and observing it for growth indicated that the fungus is capable of utilizing 
soil as a source of nutrition. In addition, soil samples were taken from point capture locations of 
40 snakes, tested using qPCR, and two cases confirmed positive for the presence of 
Ophidiomyces ophiodiicola (manuscript in preparation).  The subsequent visual and molecular 
detection of hyphae characterized as O. ophiodiicola in the soil of a controlled lab experiment, in 
conjugation with the in vitro experiments performed by Allender et al. (2015c), create a 
reasonable body of evidence that suggests this fungus persists in the soil. Future work should aim 
to observe the fungus during sporulation within a natural environment as a final confirmation of 
soil as a reservoir. 

Figure 7.  Ophidiomyces ophiodiicola growing in soil medium. The left image shows a small white fungal colony in the center of 
the plate. The right panel shows hyphal filaments extending to the edge of the petri plate. 
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Behavioral Changes 
 Additional forms of 
mortality of snakes afflicted 
with SFD may occur as 
unusual behaviors have been 
reported.  Experimentally 
infected snakes were 
observed in conspicuous 
areas of containers compared 
to the underneath of 
provided shelters (Lorch et 
al. 2015).  Snakes may be 
observed in the open more 
frequently or outside of 
hibernaculum during unusual 
periods of the year.  Clark et 
al. 2011 noted numerous timber rattlesnakes (Cortalus horridus) outside of a hibernaculum in 
New Hampshire the first week of November when typical behavior places them in winter dens a 
month earlier, and it was believed this behavior was the result of infection or disease.  Similar 
behaviors were reported by McBride et al. (2015) as multiple timber rattlesnakes were observed 
basking in the sun during winter in Massachusetts.  While there are advantages for increased 
movement during the winter (increased immune response to infection, Kluger 1979), emerging 
from winter hibernaculum increases predation risks for snakes.  For example, Nordberg and 
Cobb (2016) speculated at least one timber rattlesnake was predated during their study in 
Rutherford County, Tennessee. 

In Tennessee 
 SFD was first confirmed in Tennessee during fall of 2012 in samples taken from a timber 
rattlesnake collected in Dekalb County (Appendix A).  During the following spring, additional 
samples collected from both a timber rattlesnake and queen snake (Regina septemviattta) 
collected in Rutherford County, TN also tested positive (Appendix B).  It is highly likely SFD 
may have been present in some populations prior to these confirmations as researchers have 
observed snakes in other portions of the state in previous years with clinical symptoms similar to 
those presented above.  However, these early reports of snake fungal disease in Tennessee are 
speculation.   

During 2013, the Tennessee Wildlife Resources Agency began participation in a 
multistate effort to aid conservation of snake species of greatest conservation need threatened by 
this emerging fungal skin disease.  During this project, TWRA and researchers from MTSU, CU, 
and UTK collected samples from timber rattlesnakes from multiple populations to ascertain the 
presence of O. ophiodiicola, as it was the only snake species of greatest conservation within the 
state known to be impacted from the disease.  Funding from the project was also used to 
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Figure 8.  Encountering timber rattlesnakes in open areas, such as roads, is common 
during warm periods of the year, but extremely unusual behavior during the winter. 
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implement research projects in middle Tennessee with the goals of gaining insight into the 
physiologic and behavioral responses of timber rattlesnakes to O. ophiodiicola.   

In 2016, a third project was implemented with researchers from TTU to build off the 
work conducted during 2013 and 2014, in which the goals were not only to continue to identify 
the impacts of O. ophiodiicola on timber rattlesnakes,  but also to gain valuable insight into the 
geographic range of this fungal pathogen within the state.  Since the project was initially 
implemented, over 235 samples have been collected from 20 snake species in the state.  A 
portion of these samples are listed in Table 2.  Samples have been collected in 27 counties and O. 
ophiodiicola was confirmed in or present on 14 snake species across 16 Tennessee counties 
(Figures 5 and 6).   

Monitoring and collection of samples to determine the geographic range of O. 
ophiodiicola have continued into 2017 and are planned for 2018.  Potential environmental 
reservoirs of O. ophiodiicola, to include the water and soil, have been investigated.  Because O. 
ophiodiicola is a fungus, environmental co-factors will impact the severity of outbreaks within 
the state, meriting their investigation.   A changing climate will also have an impact on the 
severity SFD has within the state as milder winters across regions are anticipated, the 
vulnerability of snakes to SFD is expected to increase (Allender et al. 2015c).  Warming 
hibernation temperatures and wetter winters have been previously linked to declines of snake 
populations, particularly timber rattlesnakes (Clark et al. 2011), but the severity of outbreaks will 
likely effect snake populations differently across geographic scales.    
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Table 2.  Tennessee collections and prevalence of O. ophiodiicola by species and collection location (Walker and 
Leys, 2017).  Highlighted species tested positive for O. ophiodiicola. 

  
 

Species Scientific Name County Oo  Detected
Copperhead Agkistrodon contortrix Bledsoe / Van Buren No
Copperhead Agkistrodon contortrix Bledsoe / Van Buren No

Common Garter Snake Thamnophis sirtalis Bledsoe / Van Buren No
Cottonmouth Agkistrodon piscivorus Cheatham No
Black Racer Coluber constrictor Cheatham No

Ring-necked Snake Diadophis punctatus Cheatham No
Common Kingsnake Lampropeltis getula Cheatham Yes

Plain-bellied Water Snake Nerodia erythrogaster Cheatham Yes
Northern Water Snake Nerodia sipedon Cheatham No
Northern Water Snake Nerodia sipedon Cheatham No
Northern Water Snake Nerodia sipedon Cheatham No
Northern Water Snake Nerodia sipedon Cheatham Yes

Ribbon Snake Thamnophis sauritus Cheatham Yes
Common Garter Snake Thamnophis sirtalis Cheatham No

Black Rat Snake Pantherophis obsoletus Cocke No
Black Rat Snake Pantherophis obsoletus Cocke Yes

Copperhead Agkistrodon contortrix Cumberland No
Worm Snake Carphophis amoenus Cumberland No
Worm Snake Carphophis amoenus Cumberland No
Black Racer Coluber constrictor Cumberland No
Black Racer Coluber constrictor Cumberland No

Timber Rattlesnake Crotalus horridus Cumberland No
Timber Rattlesnake Crotalus horridus Cumberland No
Timber Rattlesnake Crotalus horridus Cumberland Yes
Timber Rattlesnake Crotalus horridus Cumberland Yes
Ring-necked Snake Diadophis punctatus Cumberland No

Northern Water Snake Nerodia sipedon Cumberland No
Northern Water Snake Nerodia sipedon Cumberland No
Common Garter Snake Thamnophis sirtalis Cumberland Yes

Queen Snake Regina septemvittata Davidson No
Black Racer Coluber constrictor Dekalb No

Timber Rattlesnake Crotalus horridus Dekalb No
Timber Rattlesnake Crotalus horridus Dekalb Yes
Timber Rattlesnake Crotalus horridus Dekalb Yes
Rough Green Snake Opheodrys aestivus Dekalb No

Black Rat Snake Pantherophis obsoletus Greene Yes
Ring-necked Snake Diadophis punctatus Grundy No
Rough Green Snake Opheodrys aestivus Grundy No
Rough Green Snake Opheodrys aestivus Grundy No

Worm Snake Carphophis amoenus Hamblen No
Black Racer Coluber constrictor Jackson No

Ring-necked Snake Diadophis punctatus Jackson Yes
Northern Water Snake Nerodia sipedon Jackson No
Northern Water Snake Nerodia sipedon Jackson No
Northern Water Snake Nerodia sipedon Jackson Yes

Black Rat Snake Pantherophis obsoletus Jackson No
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Species Scientific Name County Oo  Detected
Black Rat Snake Pantherophis obsoletus Jackson Yes
De Kay's snake Storeria dekayi Jackson No
De Kay's snake Storeria dekayi Jackson No

Common Garter Snake Thamnophis sirtalis Jackson No
Common Garter Snake Thamnophis sirtalis Jackson Yes

Copperhead Agkistrodon contortrix Marion No
Worm Snake Carphophis amoenus Marion No

Ring-necked Snake Diadophis punctatus Marion No
Midland Water Snake Nerodia sipedon pleuralis Marion No

Common Garter Snake Thamnophis sirtalis Marion No
Worm Snake Carphophis amoenus Morgan No
Copperhead Agkistrodon contortrix Overton No
Worm Snake Carphophis amoenus Overton No

Ring-necked Snake Diadophis punctatus Overton No
Ring-necked Snake Diadophis punctatus Overton No
Ring-necked Snake Diadophis punctatus Overton No
Ring-necked Snake Diadophis punctatus Overton No

Northern Water Snake Nerodia sipedon Overton No
Northern Water Snake Nerodia sipedon Overton No
Northern Water Snake Nerodia sipedon Overton No
Northern Water Snake Nerodia sipedon Overton No
Northern Water Snake Nerodia sipedon Overton No
Northern Water Snake Nerodia sipedon Overton No
Northern Water Snake Nerodia sipedon Overton No
Northern Water Snake Nerodia sipedon Overton No
Northern Water Snake Nerodia sipedon Overton No
Northern Water Snake Nerodia sipedon Overton No
Northern Water Snake Nerodia sipedon Overton No
Northern Water Snake Nerodia sipedon Overton No
Northern Water Snake Nerodia sipedon Overton No
Northern Water Snake Nerodia sipedon Overton Yes
Northern Water Snake Nerodia sipedon Overton Yes
Northern Water Snake Nerodia sipedon Overton Yes
Northern Water Snake Nerodia sipedon Overton Yes
Northern Water Snake Nerodia sipedon Overton Yes
Northern Water Snake Nerodia sipedon Overton Yes
Northern Water Snake Nerodia sipedon Overton Yes
Northern Water Snake Nerodia sipedon Overton Yes
Northern Water Snake Nerodia sipedon Overton Yes

De Kay's snake Storeria dekayi Overton Yes
Ring-necked Snake Diadophis punctatus Putnam No

Northern Water Snake Nerodia sipedon Putnam Yes
Black Rat Snake Pantherophis obsoletus Putnam Yes
De Kay's snake Storeria dekayi Putnam No
De Kay's snake Storeria dekayi Putnam Yes

Common Garter Snake Thamnophis sirtalis Putnam No
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Species Scientific Name County Oo  Detected
Common Garter Snake Thamnophis sirtalis Putnam No
Common Garter Snake Thamnophis sirtalis Putnam No

Copperhead Agkistrodon contortrix Rutherford No
Black Racer Coluber constrictor Rutherford Yes

Timber Rattlesnake Crotalus horridus Rutherford No
Timber Rattlesnake Crotalus horridus Rutherford Yes
Timber Rattlesnake Crotalus horridus Rutherford Yes
Common Kingsnake Lampropeltis getula Rutherford Yes
Common Kingsnake Lampropeltis getula Rutherford Yes

Queen Snake Regina septemvittata Rutherford Yes
Copperhead Agkistrodon contortrix Sevier No
Copperhead Agkistrodon contortrix Sevier No
Copperhead Agkistrodon contortrix Sevier No

Timber Rattlesnake Crotalus horridus Sevier No
Ring-necked Snake Diadophis punctatus Sevier No
Ring-necked Snake Diadophis punctatus Sevier No
Ring-necked Snake Diadophis punctatus Sevier No
Ring-necked Snake Diadophis punctatus Sevier No

Northern Water Snake Nerodia sipedon Sevier No
Redbelly Snake Storeria occipitomaculata Sevier No

Common Garter Snake Thamnophis sirtalis Sevier No
Common Garter Snake Thamnophis sirtalis Sevier No
Common Garter Snake Thamnophis sirtalis Sevier No
Common Garter Snake Thamnophis sirtalis Sevier No

Corn Snake Pantherophis guttatus Union No
Copperhead Agkistrodon contortrix White No
Worm Snake Carphophis amoenus White No
Worm Snake Carphophis amoenus White No
Worm Snake Carphophis amoenus White No

Timber Rattlesnake Crotalus horridus White No
Northern Water Snake Nerodia sipedon White Yes
Common Garter Snake Thamnophis sirtalis White Yes

Lab reports for additional collected samples are still pending.
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Figure 9.  Counties in which collections have been made for O. ophiodiicola testing. 

 

Figure 10.  Counties in which O. ophiodiicola has been documented on snakes or SFD has been confirmed since 2012. 
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 Reporting Potential SFD Observations 
 Observations of SFD can be made across the state throughout the year.  Because of the 
geographic scope of any potential occurrence, collecting the samples necessary for testing can be 
problematic.  However, maintaining a database of observations being made can be used to direct 
where sampling and monitoring can be targeted.  The public is encouraged to submit records of 
any observations made to aid the efforts surrounding SFD.  Any record submitted should contain 
the following information: 

1. The date the observation is made 
2. The exact location of the observation.  GPS coordinates (dd.ddddd) must accompany any 

locality information submitted. 
3. The species of snake observed. 
4. The symptoms observed, to include unusual behavior. 
5. Photographs of both the snake and symptoms, including any lesions, bumps or scabs 

observed. 

Reports with the information above should be submitted to personnel in one of the following 
offices:   

Statewide Office, Nashville 
Roger Applegate 
Wildlife Population Biologist 
615-781-6616 
Roger.Applegate@tn.gov 
 
Region I Office, Jackson 
Rob Colvin 
Wildlife Biologist 
731-423-5725 
Rob.Colvin@tn.gov 
 
Region II Office, Nashville 
Josh Campbell 
Wildlife Diversity Coordinator 
615-781-6626 
Josh.Campbell@tn.gov 

Region III, Crossville 
Chris Simpson 
Wildlife Diversity Coordinator 
931-484-9571 
Chris.Simpson@tn.gov 
 
Region IV, Morristown 
Scott Dykes 
Wildlife Diversity Coordinator 
1-800-332-0900, ext. 112 
Scott.Dykes@tn.gov 
 
 

 

 

 

 

 

 

 

 

mailto:Roger.Applegate@tn.gov
mailto:Rob.Colvin@tn.gov
mailto:Josh.Campbell@tn.gov
mailto:Chris.Simpson@tn.gov


 

18 
 

Literature Cited 
 

Allender M.C., M. Dreslik, S. Wylie, C. Phillips, D.B. Wylie, C. Maddox, M.A. Delaney, and 
M.J. Kinsel. 2011. Chrysosporium sp. infection in eastern massasauga rattlesnakes. 
Emerging Infectious Diseases, 17(12):2383-2384. 

Allender, M.C., M.J. Dreslik, D.B. Wylie, S.J. Wylie, J.W. Scott, and C.A. Phillips.  2013.  
Ongoing health assessment and prevalence of Chrysosporium in the eastern massasauga 
(Sistrurus catenatus catenatus).  Copeia, 2013:97-102. 

Allender, M.C., S. Baker, D. Wylie, D. Loper, M.J. Dreslik, C.A. Phillips, C. Maddox, and E.A. 
Driskell.  2015.  Development of snake fungal disease after experimental challenge with 
Ophidiomyvces ophiodiicola in cottonmouths (Agkistrodon piscivorous).  PLoS ONE 
10(10):e0140193. doi:10.1371/journal.pone.0140193 

Allender, M.C., D. Bunick, E. Dzhaman, L. Burrus, and C. Maddox.  2015b. Development and 
use of a real-time polymerase chain reaction essay for the detection of Ophidiomyces 
ophiodiicola in snakes.  Journal of Veterinary Diagnostic Investigation, 27(2):217-220. 

Allender, M.C., D.B. Raudabaugh, F.H. Gleason, and A.N. Miller.  2015c. The natural history, 
ecology, and epidemiology of Ophidiomyces ophiodiicola and its potential impact of 
free-ranging snake populations.  Fungal Ecology, 17:187-196 

Allender, M.C., E.T. Hileman, J. Moore, and S. Tetzlaff.  2016.  Detection of Ophidiomyces, the 
causative agent of snake fungal disease, in the eastern massasauga (Sistrurus catenatus) in 
Michigan, USA, 2014.  Journal of Wildlife Diseases, 52(3):694-698. 

Bletz, M. C., Loudon, A. H., Becker, M. H., Bell, S. C., Woodhams, D. C., Minbiole, K. P., & 
Harris, R. N. 2013. Mitigating amphibian chytridiomycosis with bioaugmentation: 
characteristics of effective probiotics and strategies for their selection and use. Ecology 
letters, 16(6), 807-820. 

Bohuski, E., J.M. Lorch, K.M. Griffin, and D.S. Blehert.  2015.  TaqMan real-time polymerase 
chain reaction detection of Ophidiomyces ophiodiicola, the fungus associated with snake 
fungal disease.  doi:10.1186/s12917-015-0407-8. 

Cheatwood, J.L., E.R. Jacobson, P.G. May, T.M. Farrell, B.L. Homer, D.A. Samuelson, and J.W. 
Kimbrough.  2003.  An outbreak of fungal dermatitis and stomatitis in a free-ranging 
population of pigmy rattlesnakes (Sistrurus miliarius barbouri) in Florida.  Journal of 
Wildlife Disease, 39(2):329-337. 

Clark, R.W., M.N. Marchand, B.J. Clifford, R. Stechert, and S. Stephens.  2011.  Decline of an 
isolated timber rattlesnake (Crotalus horridus) population: interactions between climate 
change, disease, and loss of genetic diversity.  Biological Conservation, 143:886-891. 

Costello, E. K., Gordon, J. I., Secor, S. M., & Knight, R. 2010. Postprandial remodeling of the 
gut microbiota in Burmese pythons. The ISME journal, 4(11), 1375-1385. 



 

19 
 

Dolinski, A.C., M.C. Allender, V. Hsiao, and C.W. Maddox.  2014.  Systemic Ophidiomyces 
ophiodiicola infection in a free-ranging plains garter snake (Thamnophis radix).  Journal 
of Herpetological Medicine and Surgery, 24(1-2):7-10. 

Fenton H, Last L, Goyner-McGuire J. 2015. Snake fungal disease in Georgia. Southeastern 
Cooperative Wildlife Disease Study, University of Geoergia. SCWDS Briefs 30:4–5. 

Fisher, M.C., D.A. Henk, C.J. Briggs, J.S. Brownstein, L.C. Madoff, S.L. McGraw, and S.J. 
Gurr.  2012.  Emerging fungal threats to animal, plant and ecosystem health.  Nature, 
484(7393): doi:10.1038/nature10947.  

Gao, Z., Tseng, C. H., Strober, B. E., Pei, Z., & Blaser, M. J. 2008. Substantial alterations of the 
cutaneous bacterial biota in psoriatic lesions. PloS one, 3(7), e2719. 

Glorioso, B.M., J.H. Waddle, D.E. Green, and J.M. Lorch.  2016.  First documented case of 
snake fungal disease in a free-ranging wild snake in Louisiana.  Southeastern Naturalist, 
15(1):N4-N-6. 

Grice, E. A., Kong, H. H., Conlan, S., Deming, C. B., Davis, J., Young, A. C., & Turner, M. L. 
2009. Topographical and temporal diversity of the human skin microbiome. Science, 
324(5931), 1190-1192. 

Guthrie, A.L., S. Knowles, A.E. Ballmann, and J.M. Lorch.  2016.  Detection of snake fungal 
disease due to Ophidiomyces ophiodiicola in Virginia, USA.  Journal of Wildlife 
Diseases, 52(1):143-149. 

Hill, A. J., Leys, J. E., Bryan, D., Erdman, F. M., Malone, K. S., Russell, G. N., Applegate, R. 
D., Fenton, H., Niedringhaus, K., Miller, A. N., Allender, M. C., Walker, D. M. 2016 The 
potential of the snake cutaneous microbiome to inhibit Ophidiomyces ophiodiicola, the 
causative agent of snake fungal disease. Manuscript submitted for publication. 

Keenan, S. W., Engel, A. S., & Elsey, R. M. 2013. The alligator gut microbiome and 
implications for archosaur symbioses. Scientific reports, 3, 2877. 

Kluger, M.J.  1979.  Fever in ecotherms: Evolutionary Implications.  American Zoologist, 
19:295-304. 

Last, L.A., H. Fenton, J. Gonyor-McGuire, M. Moore, M.J. Yabsley.  2016.  Snake fungal 
disease caused by Ophidiomyces ophiodiicola in a free-ranging mud snake (Farancia 
abacura).  Journal of Veterinary Diagnositc Investigation, 28(6):709-713. 

Lauer, A., Simon, M. A., Banning, J. L., André, E., Duncan, K., & Harris, R. N. 2007. Common 
cutaneous bacteria from the eastern red-backed salamander can inhibit pathogenic fungi. 
Copeia, 2007(3), 630-640. 

Lorch, J.M., J. Lankton, K. Werner, E.A. Falendysz, K. McClurey, and D.S. Blehert.  2015.  
Experimental infection of snakes with Ophidiomyces ophiodiicola causes pathological 
changes that typify snake fungal disease.  mBio 6:e01534-15 



 

20 
 

Lorch, J.M., S. Knowles, J.S. Lankton, K. Mitchell, J.L. Edwards, J.M. Kapfer, R.A. Staffen, 
E.R. Wild, K.Z. Schmidt, A.E. Ballmann, D. Blodgett, T.M. Farrell, B.M. Glorioso, L.A. 
Last, S.J. Price, K.L. Schuler, C.E. Smith, J.F. Wellehan Jr., and D.S. Blehert.  2016.  
Snake Fungal Disease: an emerging threat to wild snakes.  Philosophical Transactions 
Royal Society B, 371: 20150457.  <http://dx.doi.org/10.1098/rstb.2015.0457> 

McBride, M.P., K.B. Wojick, T.A. Georoff, J. Kimbro, M.M. Garner, X. Wang, A.L. Childress, 
and J.F. Wellehan.  2015.  Ophidiomyces ophidiicola dermatitis in eight free-ranging 
timber rattlesnakes (Crotalus horridus) from Massachusetts.  Journal of Zoo and Wildlife 
Medicine, 46(1):86-94. 

National Wildlife Health Center (NWHC).  2016.  Snake Fungal Disease. United States 
Geological Survey, May 19.  Accessed 23 June 2017 from 
<https://www.nwhc.usgs.gov/disease_information/other_diseases/snake_fungal_disease.j
sp> 

Nichols, D.K., R.S. Weyant, E.W. Lamirande, L. Sigler, and R.T. Mason.  1999.  Fatal mycotic 
dermatitis in captive brown tree snakes (Boiga irregularis).  Journal of Zoo and Wildlife 
Medicine, 30(1):111-118. 

Nordberg, E.J. and V.A. Cobb.  2016.  Midwinter emergence in hibernating timber rattlesnakes 
(Crotalus horridus).  Journal of Herpetology, 50(2):203-208. 

Ohkura, M., J.J. Worley, J.E. Hughes-Hallett, J.S. Fisher, B.C. Love, A.E. Arnold, and M.J. 
Orbach.  2016.  Ophidiomyces ophiodiicola on a captive black racer (Coluber 
constrictor) and a garter snake (Thamnophis sirtalis) in Pennsylvania.  Journal of Zoo 
and Wildlife Medicine, 47(1):341-346. 

Price, S.J., C.R. Oldham, W.M. Boys, and L.J. Fleckstein.  2015.  First record of snake fungal 
disease in Kentucky.  Journal of the Kentucky Academy of Science, 76(1):47-78. 

Rajeev, S., D.A. Sutton, B.L. Wickes, D.L. Miller, D. Giri, M. Van Meter, E.H. Thompson, M.G. 
Rinaldi, A.M. Romanelli, J.F. Cano, and J. Guarro.  2009.  Isolation and characterization 
of a new fungal species, Chrysosporium ophidiicola, from a mycotic granuloma of a 
black rat snake (Elaphe obsolete obsolete).  Journal of Clinical Microbiology, 47(4): 
1264-1268. 

Ravesi, M.J., S.J. Tetzlaff, M.C. Allender, and B.A. Kingsbury.  2016. Detection of snake fungal 
disease from a Lampropeltis triangulum (Eastern Milksnake) in Northern Michigan).  
Northeastern Naturalist, 23(3):N18-N21. 

Scharschmidt, T. C., List, K., Grice, E. A., Szabo, R., Renaud, G., Lee, C. C. R., ... & Segre, J. 
A. 2009. Matriptase-deficient mice exhibit ichthyotic skin with a selective shift in skin 
microbiota. Journal of Investigative Dermatology, 129(10), 2435-2442. 

Schimdt, V.  2015.  Fungal infections in reptiles – An emerging problem.  Journal of Exotic Pet 
Medicine, 24(3):267-275. 

http://dx.doi.org/10.1098/rstb.2015.0457
https://www.nwhc.usgs.gov/disease_information/other_diseases/snake_fungal_disease.jsp
https://www.nwhc.usgs.gov/disease_information/other_diseases/snake_fungal_disease.jsp


 

21 
 

Sigler, L., S. Hambleton, and J.A. Paré.  2013.  Molecular characterization of reptile pathogens 
currently known as members of the Chrysosporium anamorph of Nannizziopsis vriesii 
complex and relationship with some human-associated isolates.  Journal of Clinical 
Microbiology, 51(10): 3338-3357. 

Smith, C.E., J. Edwards, and J. Lorch.  2013.  Crotalus horridus (Timber Rattlesnake), fungal 
pathogens.  Herpetologcial Review, 44(3):519-520.   

 
South Carolina Department of Natural Resources (SCDNR).  2013.  First case of snake fungal 

disease verified in South Carolina.  South Carolina Department of Natural Resources, 11 
October.  Accessed 23 June from 
<http://www.dnr.sc.gov/news/yr2013/oct10/oct10_snake.html> 

Stephen, C., L. Shirose, and H. Snyman.  2017.  Snake fungal disease in Canada: A rapid threat 
assessment.  Canadian Wildlife Health Cooperative.  45p. 

Tetzlaff, S., M. Allender, M. Ravesi, J. Smith, and B. Kingsbury.  2015.  First report of snake 
fungal disease from Michigan, USA involving massasaugas, Sistrurus catenatus 
(Rafinesque 1818).  Herpetology Notes, 8:31-33.  

Walker, D. and J. Leys.  2017.  The origin, host, and geographic range of snake fungal disease 
with an emphasis on species of greatest conservation need in Tennessee.  Report prepared 
for the Tennessee Wildlife Resources Agency, Nashville, Tennssee. 

Wisconsin Department of Natural Resources (WDNR).  2016.  Snake Fungal Disease (SFD).  
Wisconsin Department of Natural Resources, 1 April.  Accessed 23 June from 
<http://dnr.wi.gov/topic/endangeredresources/snakefungal.html> 

Woodhams, D. C., Bigler, L., & Marschang, R. 2012. Tolerance of fungal infection in European 
water frogs exposed to Batrachochytrium dendrobatidis after experimental reduction of 
innate immune defenses. BMC veterinary research, 8(1), 197. 

Woodhams, D. C., Vredenburg, V. T., Simon, M. A., Billheimer, D., Shakhtour, B., Shyr, Y., & 
Harris, R. N. 2007. Symbiotic bacteria contribute to innate immune defenses of the 
threatened mountain yellow-legged frog, Rana muscosa. Biological conservation, 138(3), 
390-398. 

 

 

 

 

http://www.dnr.sc.gov/news/yr2013/oct10/oct10_snake.html
http://dnr.wi.gov/topic/endangeredresources/snakefungal.html


 

22 
 

 

Appendix A 
 

• 2012 Diagnostic Services Reports 
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• 2013 Diagnostic Services Reports 
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Appendix C 
 

• 2014 Diagnostic Services Reports 
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• 2015 Diagnostic Services Reports 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

50 
 

 



 

51 
 

 

 



 

52 
 

 



 

53 
 

 



 

54 
 

 



 

55 
 

Appendix E 
 

• 2016 Diagnostic Services Reports 
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